Due to the strong temporal backscatter signature when the rice grows above the water surface, Synthetic Aperture Radar (SAR) for paddy rice crop mapping is operational in Southern Vietnam (Mekong Delta). In Northern Vietnam, the rice mapping using SAR is a challenge and is rarely performed because of the complex land-use/land-cover. Nevertheless, the information of rice fields is important for hydrological simulation in the studied watershed. The purpose of the research is to adapt the classification methods and algorithms to monitor rice fields over a large and fragmented land-use area as the Câu River watershed, in northern Vietnam. RADARSAT-2 data were collected in dual-pol Standard and quad-pol Fine mode for two rice crop seasons. As result, RADARSAT-2 dual-and quad-pol data have demonstrated their capabilities to identify the cultivated rice fields. However, RADARSAT-2 dual-pol data in Standard mode could not identify all the rice fields identify by the quad-pol data in Fine mode.
INTRODUCTION
The focus of the Canadian project "Integrated management of the Câu River watershed" is to establish in Vietnam an integrated management of water quality at the watershed scale by adapting the model GIBSI [1] , for sustainable river basin management. Among the required model inputs, the land cover map is obtained by processing satellite images and is used for hydrological simulations. The method based on optical images for classification and cartography of land cover [2] is well established in the context of river basin management and can be considered efficient. However, this method shows some disadvantages when applied to the finer scale regions where land use is complex and where cloud cover is frequent, as it is the case in the studied watershed. Particularly, the rice fields are difficult to detect by using the optical images, which are acquired during the dry season. This paper presents two schemes to identify rice fields in a complex land-use watershed in northern Vietnam: Thresholding segmentation and SVM algorithm. The data used are C-band dual-polarization (HH, HV) and polarimetric (quad-pol) data from RADARSAT-2.
METHODOLOGY
The methods were applied on an agricultural region situated in Thai Nguyen province, Northern Vietnam, where the rice fields occupy more than 40% of the land. During the year, there are two rice crop seasons; in general, the first season (Spring -Vu Chiem) starts in February and is harvested in June, the second season (Traditional -Vu Mua) is planted in July and is harvested in October.
Two series of RADARSAT-2 images in C-band covering the centre region of the watershed have been acquired in 2009 and 2010. One series is dual-polarization (HH and HV) Standard mode data, the second are quadpolarization data in Fine mode.
Thresholding segmentation on dual-polarization (HH and HV) SAR data
First, a multichannel filtering [3] was applied aims to reduce the speckle effect while preserving spatial resolution on the Standard mode data. In order to understand the temporal behavior of the rice fields in the studied area, an analysis (pixel level) based on the backscattering coefficient ( 0 ) of rice and other vegetation types on HH and HV polarization has been realized. Due to the complexity of topography and land-use, the experimental rice fields were chosen from three cultivated environments (Zone1: near the residential area, Zone 2: near the forest area, Zone 3: the "real" paddy rice area). Except for rice fields, the statistics of the three other classes show a narrow dynamic range of 0 coefficients for both polarizations. Regarding rice fields, the temporal dynamic is larger (-9 dB in HH and -7 dB in HV). During the growth cycle, the 0 coefficient shows a significant change between each growing stage of the rice plants [4] , the signal is especially strong in mid-season for HH polarization, which means in August and April (Fig 2) . However, for some reasons, the rice grow up later or earlier on some fields than the agricultural calendar, then the backscattering coefficient of these rice paddies are not typical of the mid-season (Fig 2) . Then, the segmentation thresholds [5] , [6] were determined based on the temporal variation of rice backscattering in HH polarization using the rice backscattering ratio ( 0 ratio) between the beginning (date 1) and the middle (date 2) of the rice season. Due to the reason mentioned above, the beginning of the rice crop season varies, so date 1 changed while calculating the 0 ratio, depending on the temporal backscattering behavior. Furthermore, the backscattering behavior being different in the traditional and spring rice crop seasons, specific thresholds were determinate for each season: 
Polarimetric SAR data classification using SVMs
First, an Intensity-Driven Adaptive-Neighborhood (IDAN) filter [7] has been applied to each quad-polarization image to reduce the speckle.
Then, the coherency (T) matrix, the Freeman-Durden, and the H/A/ polarimetric decompositions [8] were calculated using PolSARpro software [9] . Each parameter was then tested for classifying the rice field using the SVM, a binary supervised classification method introduced in the 1990s by Vapnik [10] . The same procedure of the SVM classification was applied on the HH polarization to compare the efficiency between two types of data (dualpolarization and quad-polarization) for rice identification.
RESULTS
The signature analysis shows that the rice intensity values increase in the middle of the crop season and are different from other vegetation types in HH polarization. HH is also more suitable than HV polarization for rice identification. The application of the specific threshold for each season allowed creating regional maps where rice paddies are well differentiated. The classification accuracy is 71% using standard mode data. In parallel, the coherence (T) matrix was the best polarimetric parameter among the tested ones for rice extraction. The precision of the rice maps are 80%. The classification accuracy of HH polarization using the same SVM algorithm used for polarimetric data is 72%.
Comparison of these classification results shows the potential of the polarimetric data for rice detection in this study area. Both classification methods and data sets have demonstrated the capabilities of the RADARSAT-2 imagery to identify the cultivated rice fields, especially in the case of a complex land-use region as the Câu River watershed, in northern Vietnam.
Finally, those RADARSAT-2 rice maps were integrated in the land cover maps derived from optical images (SPOT HRVIR images), improving the quality of information of those land cover maps. By extension, the better quality of the input data for the hydrological simulations helps improve the quality of those simulations.
